
Reduction of Urban Heat Island EffectReduction of Urban Heat Island Effect
through Harvest of Heat Energythrough Harvest of Heat Energy

from Asphalt Pavementsfrom Asphalt Pavements

Rajib B. Mallick and Sankha Bhowmick

WPI and UMASS, Dartmouth



OutlineOutline

•• IntroductionIntroduction

•• Proposed approachProposed approach

•• ModelingModeling

•• ExperimentsExperiments

•• Conclusions and RecommendationsConclusions and Recommendations



h (Th (Tss‐T‐Taa))(1‐(1‐αα)G)G εσεσ(T(Tss44‐T‐Tsurrsurr
44))

‐kdT/dx‐kdT/dx

Energy Balance of PavementEnergy Balance of Pavement

•• Typically, peak temperature is about an inch below the pavement surface Typically, peak temperature is about an inch below the pavement surface



BackgroundBackground

•• Distribution of Annual Pavement surface temperature‐Distribution of Annual Pavement surface temperature‐
predicted statisticallypredicted statistically



CityCity Maximum Temperature (Maximum Temperature (ooC)C)

Houston, TXHouston, TX 6262

Jacksonville, FLJacksonville, FL 6060

Albuquerque, NMAlbuquerque, NM 6161

Reno, NVReno, NV 6161

Atlanta, GAAtlanta, GA 6161

Nashville, TNNashville, TN 6060

Los Angeles, CALos Angeles, CA 5959

BackgroundBackground



LiteratureLiterature

•• ““Cool pavementsCool pavements”” have been have been
proposed through alteration ofproposed through alteration of
albedo of the surface of thealbedo of the surface of the
pavementpavement

•• Pomerantz et al, 2000, KinouchiPomerantz et al, 2000, Kinouchi
et al. 2004, Schindler et al. 2004,et al. 2004, Schindler et al. 2004,
Kawakami and Kubo, 2008Kawakami and Kubo, 2008

•• The evaporation of water in theThe evaporation of water in the
pavement porous mixes could bepavement porous mixes could be
used to keep the pavement coolused to keep the pavement cool

•• Asaeda and Thanh, 2000Asaeda and Thanh, 2000



Proposed ApproachProposed Approach

• Surface
temperature of the
asphalt pavement
will be reduced
due to the
convective heat
transfer of water
flowing
underneath it,
which will decrease
the back radiated
energy emitted
from asphalt
pavement to the
air.



Modeling
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Results of Modeling:
Pavement Surface Temperature

••  HMA pavementHMA pavement
•• Pipe 40 mm below surface Pipe 40 mm below surface
•• Solar radiation for 8 hours Solar radiation for 8 hours
•• Water running from hour 4‐8 Water running from hour 4‐8



Pavement Surface TemperaturePavement Surface Temperature
(Effect of pipe spacing)(Effect of pipe spacing)

••  Closer pipe spacing allows reduction in surface temperatureCloser pipe spacing allows reduction in surface temperature



Boundary Layer Air TemperatureBoundary Layer Air Temperature

••  Simulation of the air boundary layer on top of the pavementSimulation of the air boundary layer on top of the pavement
•• Reduction of temperature in the BL; particularly the layer Reduction of temperature in the BL; particularly the layer
adjoining the pavementadjoining the pavement

without water flowwithout water flow with water flow



Laboratory Experimental SetupLaboratory Experimental Setup

Incoming water Outgoing water

Quartzite sample with copper pipe
Thermocouples, T1 through T7

Insulation



Surface thermocouple layout (Top view)Surface thermocouple layout (Top view)
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Surface Temperature Measurements:Surface Temperature Measurements:
Above pipeAbove pipe

• Maximum surfaceMaximum surface
reduction in temperaturereduction in temperature
at entrance (T1)at entrance (T1)

•• About 4 About 4°°C cooling is availableC cooling is available
even at the exit (T3)even at the exit (T3)

•• About 80 mm length is cooled About 80 mm length is cooled



Surface Temperature Measurements:Surface Temperature Measurements:
Around the pipeAround the pipe



ThermocoupleThermocouple T1T1 T2T2 T3T3 T4T4 T5T5 T6T6 T7T7

Max (noMax (no
heating)heating) 70.8370.83 76.7776.77 61.3061.30 66.9866.98 64.3164.31 61.7161.71 57.1257.12

Minimum (withMinimum (with
water flow)water flow) 57.4057.40 72.0972.09 56.3356.33 57.3257.32 58.9458.94 55.6955.69 55.1055.10

ΔΔT (°C)T (°C) 13.4313.43 4.684.68 4.964.96 9.659.65 5.375.37 6.026.02 2.022.02

••  Reduction in temperature ranged from 13.4Reduction in temperature ranged from 13.4ooC to 2.0C to 2.0ooC, for variousC, for various
thermocouple locations, T1 through T7,  on the surface of the HMA samplethermocouple locations, T1 through T7,  on the surface of the HMA sample
•• About 9°C reduction in temperature is available at  38 mm away at the About 9°C reduction in temperature is available at  38 mm away at the
entranceentrance
•• Lowest reduction in temperature is 2°C at the hot end of the pipe Lowest reduction in temperature is 2°C at the hot end of the pipe

Surface Temperature Measurements:Surface Temperature Measurements:
SummarySummary



Straight pipe

Serpentine pipe

Pavement Surface TemperaturePavement Surface Temperature
(Serpentine Pipes)(Serpentine Pipes)

••  Serpentine pipe allows further reduction in surface temperatureSerpentine pipe allows further reduction in surface temperature



Large Scale Experimental SetupLarge Scale Experimental Setup



 Time (hour/seconds) Event

0 (0) Start of solar radiation and wind
4.7 (17,040) Start of water flow at 1 l/minute
5.3 (19,200) Change flow of water to 2l/minute
5.8 (21,180) Change flow of water to 3l/minute
6.5 (23,400) Change flow of water to 4l/minute



Pyranometer Pyranometer datadata 



Wind speed dataWind speed data 



Large Scale Experimental ResultsLarge Scale Experimental Results



Large Scale Experimental ResultsLarge Scale Experimental Results

As in small scale, surface temperature can be lowered at some distanceAs in small scale, surface temperature can be lowered at some distance 



Beneficial Effects



Reduction in  5oF(2.6 C) Air Temperature on Energy Consumption and
1 Hour/8 Hour Ozone Concentration (From MIST- Sailor and Dietsch, 2005)
---------------------------------------------------------------------------------------------------------
---
• Inputs
Location: Houston; Mean Temperature: 73.4oF; Cumulative Degree Days (CDD):
2,810
Heating Degree days (HDD): 1,552; Typical maximum 1 hour ozone (ppb): 182
Typical maximum 8 hours ozone (ppb): 138
• Outputs:
Savings in energy consumption:
Post 1980 buildings
Electricity heated buildings: residential: 22%; office: 11%; Retail: 13%
Reduction in ozone concentration
For 1 hour ozone concentration -5.6 to  -3.4 ppb
For 8 hour ozone concentration: -4.2 to  -2.5 ppb
• Equivalent to an increase of albedo by 0.5
---------------------------------------------------------------------------------------------------------
---



Additional BenefitsAdditional Benefits

• Extracting the heat stored in pavements can be
used for

• Process heating
• Feed‐water for other applications or
• Heat exchanger fluid for heating cycle.
• The water at high temperature could be stored in
insulated chambers



Practical problemsPractical problems

• Effect of pipes on pavement performance,

• Effect of traffic and pavement load on the
pipes

• Maintenance of piping system, and

• Resistance of the piping material to high
temperature of lay down of HMA



Conclusions and RecommendationsConclusions and Recommendations

•• Both finite element modeling and experimentalBoth finite element modeling and experimental
results have proven the feasibility of using heatresults have proven the feasibility of using heat
energy harvesting as a good method of reducingenergy harvesting as a good method of reducing
pavement temperature.pavement temperature.

•• Reduction in the temperature of the pavement isReduction in the temperature of the pavement is
dependent on the location and spacing of pipes.dependent on the location and spacing of pipes.



Conclusions and RecommendationsConclusions and Recommendations

•• The location and spacing of pipes required forThe location and spacing of pipes required for
optimum results are of practical concern.optimum results are of practical concern.

•• Full scale studies in the areas with high solarFull scale studies in the areas with high solar
radiation are needed to understand practicalradiation are needed to understand practical
issues and optimize the various componentsissues and optimize the various components
of the proposed system.of the proposed system.



Thank you!



Effect of Aggregate



Effect of Pipe Material



Economic Feasibility

• Location
• Investment
• Extracted energy
• Used NOAA information



Pavement‐Air Temperature Model



Houston, TX



Need more info.???


